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scribed. Taken together with the models previously constructed, there 
are now four off-shell formulations for the massive gravitino multiplet 
(superspin-1) and six off-shell formulations for the massive graviton mul- 
tiplet (superspin-3/2). Duality transformations are derived which relate 
some of these dynamical systems. 
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1 Introduction 



Different aspects of higher spin field theory in various dimensions attract consider- 
able attention currently. First of all, higher spin fields and their possible interactions 
bring about numerous challenges for theoreticians. More importantly, massive higher 
spin states are known to be present in the spectra of the string and superstring theo- 
ries. It is therefore quite natural to expect that, in a field theory limit, the superstring 
theory should reduce to a consistent interacting supersymmetric theory of higher spin 
fields. 

In four space-time dimensions, Lagrangian formulations for massive fields of ar- 
bitrary spin were constructed thirty years ago [Tj. A few years later, the massive 
construction of PP was used to derive Lagrangian formulations for gauge massless 
fields of arbitrary spin j2] . Since then, there have been published hundreds of papers 
in which the results of [H |2] were generalized, (BRST) reformulated, extended, quan- 
tized, and so forth. Here it is hardly possible to comment upon these heroic follow-up 
activities. We point out only several reviews fHj and some recent papers 

One of the interesting directions in higher spin field theory is the construction of 
manifestly supersymmetric extensions of the models given in PlEj. In the massless 
case, the problem has actually been solved in jSl El (see [Zj for a review and |Hj 
for generalizations). For each superspin Y > 3/2, these publications provide two 
dually equivalent off-shell realizations in 4D, J\f = 1 superspace. At the component 
level, each of the two superspin-F actions EI reduces to a sum of the spin-F and 
spin-(F + 1/2) actions [2] upon imposing a Wess-Zumino-type gauge and eliminating 
the auxiliary fields. On the mass shell, the only independent gauge-invariant field 
strengths in these models are exactly the higher spin on-shell field strengths first 
identified in "Superspace" [H]. As concerns the massive case, off-shell higher spin 
supermultiplets have never been constructed in complete generality. 

In 4D, A/" = 1 Poincare supersymmetry, a massive multiplet of superspin Y de- 
scribes four propagating fields with the same mass but different spins s = (Y — 
1/2, Y,Y,Y + 1/2), see, e.g., 0E] for reviews. The first attempts^ to attack the prob- 
lem of constructing free off-shell massive higher spin supermultiplets were undertaken 
in recent works JOl El E] that were concerned with deriving off-shell realizations for 
the massive gravitino multiplet {Y = 1) and the massive graviton multiplet [Y = 3/2). 
This led to two Y = 3/2 formulations constructed in ITU] and one Y = 1 formulation 
derived in ^T] . The results of [10, were soon generalized |12] to produce a third Y = 
3/2 formulation. 

In the present letter, we continue the research started in JOJ and derive two 
new off-shell realizations for the massive gravitino multiplet, and three new off-shell 
realizations for the massive graviton multiplet. Altogether, there now occur four 
massive Y = 1 models (in conjunction with the massive Y = 1 model constructed 
by Ogievetsky and Sokatchev years ago [H]) and six massive Y = 3/2 models. We 

^Some preliminary results were also obtained in 
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further demonstrate that these reahzations are related to each other by duahty trans- 
formations similar to those which relate massive tensor and vector multiplets, see ^H] 
and references therein. 

It is interesting to compare the massive and massless results in the case of the Y 
= 3/2 multiplet. In the massless case, there are three building blocks to construct 
minimal^ linearized supergravity [16j. They correspond to (i) old minimal supergrav- 
ity (see [7||U] for reviews); (ii) new minimal supergravity (see j7|in] for reviews); (iii) 
the novel formulation derived in ^UJ- These off-shell (3/2,2) supermultiplets, which 
comprise all the supergravity multiplets with 12 -|- 12 degrees of freedom, will be called 
type I, type II and type III supergravity multiplets^ in what follows, in order to avoid 
the use of unwieldy terms like "new new minimal" or "very new" supergravity. As is 
demonstrated below, each of the massless type I — III formulations admits a massive 
extension, and the latter turns out to possess a nontrivial dual. As a result, we have 
now demonstrated that there occur at least six off-shell distinct massive Y = 3/2 
minimal realizations. 

This paper is organized as follows. In section 2 we derive two new (dually equiv- 
alent) formulations for the massive gravitino multiplet. They turn out to be massive 
extensions of the two standard off-shell formulations for the massless spin (1,3/2) 
supermultiplet discovered respectively in jT7|[THl[in] and [201 • In section 3 we derive 
three new formulations for the massive graviton multiplet. Duality transformations 
are also worked out that relate all the massive y = 3/2 models. A brief summary 
of the results obtained is given in section 4. The paper is concluded by a technical 
appendix. Our superspace conventions mostly follow [Zj except the following two from 
inj: (i) the symmetrization of n indices does not involve a factor of (1/n!); (ii) given 
a four-vector Va, we define Vg. = Vaa = {o'°')aaVa- 



2 Massive Gravitino Multiplets 

We start by recalling the off-shell formulation for massless (matter) gravitino 
multiplet introduced first in [T71 ITH] at the component level and then formulated in 
[T^ in terms of superfields (see also |2I])- The action derived in is 

'5(,J)[^,^] = ^[^] + jd^z[^''W^ + ^Jv''}-^jd''zW^Wo^, (2.1) 

where 

Sm = j dh {d^^^D^^^ - lD%^D^^^ - . (2.2) 

^To our knowledge, no investigations have occured for the possible existence of 

a massive non-minimal Y — 3/2 theory. 
^In the case of type III supergravity, a nonlinear formulation is still unknown. 
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This massless Y = 1 model is actually of some interest in the context of higher 
spin field theory. As mentioned in the introduction, there exist two dually equivalent 
gauge superfield formulations (called longitudinal and transverse) for each massless 
integer Y > 1, see ff] for a review. The longitudinal series^ terminates, ai Y = 1, 
exactly at the action 1)2.11) . 

To describe a massive gravitino multiplet, we introduce an action S = S 3 J^P, 1^1 + 

('-'2) 

Sm['^, V], where Sm[^, V] stands for the mass term 

V]=m j d^z^^^H'^ + amV^ + + | , (2.3) 

where a and f5 are respectively real and complex parameters. These parameters 
should be fixed by the requirement that the equations of motion be equivalent to the 
constraints 

id^" + = , = , D^^^ = , (2.4) 

required to describe an irreducible on-shell multiplet with Y = 1, see jZUHj. In the 
space of spinor superfields obeying the Klein-Gordon equation, (□ — m^)\l/Q = 0, 
the second and third constraints in (|2.4p are known to select the Y = 1 subspace 
(see also [221 )• Without imposing additional constraints (such as the first one in 12. 4|) . 
the superfields and describe two massive Y = 1 representations. Generally, 
an irreducible representation emerges if these superfields are also subject to a reality 
condition of the form 

6»a^" + me*'^^„ = , |e*'^| = l, (2.5) 

where a constant real parameter. As is obvious, the latter constraint implies the 
Klein-Gordon equation. Applying a phase transformation to "^a, allows us to make 
the choice e**^ = —i corresponding to the Dirac equation. 

The equations of motion corresponding to S = S 3 J^E', V] + Sm[^, V] are: 

- DaDa^'^ + + 2m^„ + Wa- pTuD^V = , (2.6) 

^D'^Wa + (^^D^D^^^ + f^mD"^^ + c.c.) + 2amV = . (2.7) 

Multiplying and (j2II|) by yields: 

= -2/3iy„ , D D'^-^^ = -2-mD V. (2.8) 

y 

Next, substituting these relations into the contraction of D"" on ()2.fj|l leads to: 

mD"^„ = 1 (/5 + /5* _ l)Z}"ty„ + f (l + p^)mD V . (2.9) 

*^The transverse series terminates at a non-minimal gauge formulation for the massless 
gravitino multiplet realized in terms of an unconstrained real scalar V and Majorana 
7-traceless spin-vector = ^a^), with 7"*a = 0. 
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Substitute these three results into ()2.7|) gives 

i(l - /3 - (3*fD^W^ + im(l + ^) [(3^D^ + {(3*fD^]V + 2amV = . (2.10) 

This equation imphes that V is auxihary, \^ = 0, if 

/3 + /5* = l, « = -|/5|2. (2.11) 

Then, the mass-shell conditions ()2.4|) also follow.^ 
The final action takes the form: 

S[^, V] = S[^] + j dh^^^W + ^ W^} - ^ y (2.12) 

— 2 

where /3 + /9* = 1. A superfield redefinition of the form ~^ + 6 D can be 
used to change some coefficients in the action. 

The Lagrangian constructed turns out to possess a dual formulation. For simplic- 
ity, we choose /3 = 1/2 in ()2.12j) . Let us consider, following (TH], the "first-order" 
action 

Saux = + / d^z |m(^2 + ^) + *W^ + ^iy - —V^ + -jV{D ^ + D ^) | 
+ \ j d^zr]''(Wc, + ^D^D''V^ - ^j d^zW^ + c.c.j . (2.13) 

Here Wa and rja are unconstrained chiral spinor superfield, and there is no relationship 
between V and Wa- Varying Saux with respect to rja brings us back to (j2.12|) . On the 
other hand, if we vary Saux with respect to V and Wa and eliminate these superfields, 
we then arrive at the following action: 

^ = ^[^] + J d^z ^^m{^^ + ^^) + ^(^D{^ + T]) + D{^ + fj)y^ 

+ -<[ d^z (2mri -D'^^y + c.c.j . (2.14) 



Implementing here the shift 

^a-Vc. , (2.15) 

brings the action to the form 

^ = ^[^] + ^jd^z (^D^ + D^y j d^Z^^^'D^^a + ^aD^^^^ 

+ mj d^'z^^^' + ^^^ + '^y d'zT]' + c.c.j . (2.16) 



2 ____ 

^One can consider more general action in which the term m(^'^ + ^' ) in H2.3|l is replaced 
by (/^^^ + /i* 5* ), with /Li a complex mass parameter, = to. Then, the first equation in 



(|TTT)l turns into l3/fi+ {P/fJ,)* = l/m. 
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As is seen, the chiral spinor superfield rja has completely decoupled! Therefore, the 
dynamical system obtained is equivalent to the following theory 

+ m j ci^^l^^^^'} , (2.17) 

formulated solely in terms of the unconstrained spinor '^^ and it conjugate. Applying 
the phase transformation \E'a — 2 \E'a, it is seen that the action obtained is actually 
equivalent to 

=S[^ - ^j dh(^D^ -D^y + m j d^^l^^^^^} . (2.18) 

It is interesting to compare ()2.18|) with the action for massive Y = 1 multiplet 
obtained by Ogievetsky and Sokatchev J3]. Their model is also formulated solely in 
terms of a spinor superfield. The corresponding action^° is 

Sosl"^] = S[^] + \jd^z (^D^ + :D^) \im j dh(^^^ - , (2.19) 

see Appendix A for its derivation. The actions ()2.18p and ()2.19p look similar, 
although it does not seem possible to transform one to the other off the mass shell. 

In fact, the model ()2.14|) . which is equivalent to ()2.18|) . can be treated as a massive 
extension of the Ogievetsky-Sokatchev model for massless gravitino multiplet |20j . 
Indeed, implementing in (|2.14p the shift 

^ + , -^Va- T^D^"^^ , (2.20) 

2m 2m 
which leaves S[^] invariant, we end up with 

S[^,ri] = S^^3^[^,G] + m j j^^ ^ + 2(1 + z)^r/ + 2(1 - «)^r/} 



2 

m 



where 



+ '^{ I d^zr]^ + c.c.} , (2.21) 



'^(4)[^>G'] = 5[vl/] + Jd'z(G+^-{D<i^ + D^)y , (2.22) 
G = ^(DV + ^^r) • 



^° Setting m = in H2.19|l gives the model for massless gravitino multiplet discovered in pU). 

'^"'^It was argued in llj that there are no Lagrangian formulations for massive superspin-1 
multiplet solely in terms of an unconstrained spinor superfield and its conjugate. The 
"proof" given in JI] is incorrect, as shown by the two counter-examples H2.18(l and (|2.19|l . 
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Here G is the linear superfield, D^G = D G = 0, associated with the chiral spinor rja 
and its conjugate. The action 5* 3j^&,G'] corresponds to the Ogievetsky-Sokatchev 

formulation for massless gravitino multiplet j^H] as presented in [7j. 

Before concluding this section, it is worth recalling one more possibility to describe 
the massless gravitino multiplet [3 HH] 

"5(1 3^ [^,<^'] = S[^]-l J + ($ + $)P^+:D^)} , (2.23) 

with $ a chiral scalar, -0^$ = 0. The actions ()2.H) and ()2.23p can be shown to 
correspond to different partial gauge fixings in the mother theory 

s^^3^[^,v,<^] = + j /zj^iy + -^j dhw^ 

- ^yrf^z|$<l> + (<l> + $)(£) ^ + D^)| , (2.24) 

possessing a huge gauge freedom, see [71 for more details. The massive extension 
of ()2.23|) was derived in JT] and the corresponding action is 

$] = 3 ^ $] + m y (^2 ^ ^') - ^ I y $2 + c.c. } . (2.25) 

Unlike its massless limit, this theory does not seem to admit a nice dual formulation. 



3 Massive Graviton Multiplets 

The massive F = 3/2 multiplet (or massive graviton multiplet) can be realized in 
terms of a real (axial) vector superfield Ha obeying the equations [71 jTUl 122] 

{O-m^)Ha = 0, D^Ha = 0, = — > d^Ha = 0. (3.1) 

We are interested in classifying those supersymmetric theories which generate these 
equations as the equations of motion. 

In what follows, we will use a set of superprojectors [22 for the real vector super- 
field Ha. 

in^)Ha := ^n-'d^^{D\D'}d^jHp^^ , (3.2) 

{Ul/,)H^ := ^n-'d^^D^^D'D^{dpfH^^ + d\,fHp^^) , (3.3) 

{Iil,^)Ha_ := -^U-'d^^DW^D^,djH^^p , (3.4) 

{n^^)Ha := -hdaU-^{D\D^}d'^H, , (3.5) 

{Ii{/^)Ha := ^daU~^D^D'Dpd^H, . (3.6) 
In terms of the superprojectors introduced, we have ^Hl 

DW'D.Ha = -8n(nf/2 + n[/2 + ni/,)Ha , (3.7) 

dad'-H, = -2n{U^ + Il^/2)Ha , (3.8) 
[D^, D^] [Df,, D^] H'-=n {8U^ - 2m^/,)Ha . (3.9) 
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3.1 Massive Extensions of Type I Supergravity 

Consider the off-shell massive supergravity multiplet derived in ^2] 

S^'^^^H, P] = S^'\H, S] - im^ J dh \^mHa - |P'} , (3.10) 
where the massless part of the action takes the form 

= j d'z[H^^{-kIlo+k^^/2)Ha-^{^-^^^H^-3E^} ,(3.11) 

^ = -\d'p, P = P , 

and this corresponds to a linearized form of type I (old minimal) supergravity that 
has only appeared in the research literature |24|. It has not been discussed in text- 
books such as fri P • The distinctive feature unique to this theory is that its set of 
auxiliary fields contains one axial vector, one scalar and one three-form {S, Cabc, 
Aa). Interestingly enough and to our knowledge, there has newer been constructed 
a massive theory that contains the standard auxiliary fields of minimal supergravity 
{S, P, Aa). This fact may be of some yet-to-be understood significance. 

The theory with action S^^^^ [H, P] turns out to possess a dual formulation. Let 
us introduce the "first-order" action 

Saux = J \^H^n (-in^ + ^Ill/^)Ha - WH^Ha - Ud^Ha 

- if/2 + |m2p2 + SmV (U + \D^P + \D'^P^ } , (3.12) 

where U and V are real unconstrained superfields. Varying V brings us back to ()3.10|) . 
On the other hand, we can eliminate U and P using their equations of motion. With 
the aid of ()3.8j) . this gives 

^(^^)[i7,p] = j dh {i/^n(inf/2 + inj/2)^a - Im^M, 

- ^V{d\ D^}V - mVd^Ha + frnV^} . (3.13) 
This is one of the two formulations for the massive y = 3/2 multiplet constructed in 

cni. 

3.2 Massive Extensions of Type II Supergravity 

Let us now turn to type II (or new minimal) supergravity. Its linearized action is 

S^^'\HM] = j d^z[H^U{-Ul,^ + \lll/^)Ha + \U[D^,D^]H^+lU^^ , (3.14) 

U = D'^xa + D^x" , D^xa = , 
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with Xa an unconstrained chiral spinor. It possesses a unique massive extension 

S^^^^\H,x] = S^''\H,U]-^m^ j dhH^Ha + 3m^ rf^^x' + cc.j (3.15) 

which is derived in Appendix B. 

The theory ()3.15j) admits a dual formulation. Let us consider the following "first- 
order" action 

Sau. = J dh [mo (-nf/2 + ^Uj/^)Ha - WH^Ha + \U[D^, D^]H^ + 

-6mr(w-Z^"Xc.-^ar)} +3m2| j d^z x"Xa + c.c.^ , (3.16) 

in which U and V are real unconstrained superfields. Varying V gives the original 
action ()3.15|) . On the other hand, we can eliminate the independent real scalar U and 
chiral spinor Xa variables using their equations of motion. With the aid of ()3.9p this 
gives 

+mV[D^,D^]H^ - 6m^V^^ - 6 j d^zWWo, , (3.17) 

where Wa is the vector multiplet field strength defined in ()2.H1 . The obtained action 
fj3.17|) constitutes a new formulation for massive supergravity multiplet. 

3.3 Massive Extensions of Type III Supergravity 

Let us now turn to hnearized type III supergravity (TU] 

= j d'z[H^nC3^^;^ + k^I/2)Ha+mH^+IU^] , (3.18) 

U = D'^Xa + D^T , DaXa = , 

with Xa an unconstrained chiral spinor. It possesses a unique massive extension 
S^'''^^[H,x] = S^'''^[H,U]-^m^ j d^'zH^Ha-Qm^ d^^x' + ccj , (3.19) 

and its derivation is very similar to that of ()3.15|) given in Appendix B. 

Similarly to the type II case considered earlier, the theory ()3.19|) admits a dual 
formulation. Let us introduce the "first-order" action 

Saucc = j d'z [h^D (inf/2 + M/2)Ha ' W H^Ha + UdaH^ + fW^ 

+3my(w-D"xa-^aX")} - W{ j d'zx'^Xc + c.c.} , (3.20) 
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in which lA and V are real unconstrained superfields. Varying V gives the original 
action (|3.19|) . On the other hand, we can eliminate the independent real scalar U and 
chiral spinor Xa variables using their equations of motion. With the aid of (|3.8|) this 
gives 

- mVdoH- - Im^l/^l + ^jd^z WW^ , (3.21) 

with the vector multiplet field strength defined in eq. fl2.1|) . This is one of the 
two formulations for the massive y = 3/2 multiplet constructed in lOj. The other 
formulation is given by the action ()3.13|) . 

4 Summary 

We have formulated new free superfield dynamical theories for massive multiplets 
of superspin Y = 1 and Y = 3/2. We have shown that these new theories are du- 
ally equivalent to the theories with corresponding superspin given previously in the 
literature fOl El Although the theories with a fixed and specific value of Y 
are on-shell equivalent, they differ from one another by distinctive sets of auxiliary 
superfields (see discussion of this point in (TU] ) . The existence of their varied and dis- 
tinctive off-shell structures together with their on-shell equivalence comes somewhat 
as a surprise. 

This surprise suggests that there is much remaining work to be done in order to 
understand and classify the distinct off-shell representations for all multiplets with 
higher values of Y in both the massless and massive cases. Our results raise many 
questions. For example, for a fixed value of Y what massless off-shell representations 
possess massive extensions? How does the number of such duality related formulations 
depend on the value of Y7 Are there even more off-shell possibilities for the massless 
theories uncovered in the works of E]? Another obvious question relates to the 
results demonstrated in the second work of [S]. In this past work, it was shown that 
there is a natural way to combine 4D, M = 1 massless higher spin supermultiplets 
into 4D, Af = 2 massless higher spin supermultiplets. Therefore, we are led to expect 
that it should be possible to combine 4D, Af = 1 massive higher spin supermultiplets 
into 4D, M = 2 massive higher spin supermultiplets. As we presently only possess 
four Y = 1 and sixY = 3/2 4D, J\f = 1 supermultiplets, the extension to 4D, Af = 
2 supersymmetry promises to be an interesting study for the future. 

All of these questions bring to the fore the need for a comprehensive understanding 
of the role of duality for arbitrary Y super symmetric representations, of both the 
massless and massive varieties. In turn this raises the even more daunting specter of 
understanding the role of duality within the context of superstring/M-theory. To our 
knowledge the first time the question was raised about the possibility of dually related 
superstrings was in 1985 [23 and there the question concerns on-shell dually related 
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theories. So for both on-shell and off-shell theories we lack a complete understanding 
of duality. The most successful descriptions of superstrings are of the type pioneered 
by Berkovits (see jT^] and references therein). As presently formulated, there is no sign 
of duality in that formalism. So does the superstring uniquely pick out representations 
among the many dual varieties suggested by our work? 
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A Derivation of (EUl) 

Let us start with the action 

S[^iJ] = + ^jSz(p^>+ ;D^) V j (fz ^ ^* ^2 j ^ (A.l) 

where the functional S\^] is defined in ()2.2j) . and is a complex mass parameter to 
be specified later. The action ()A.1|) with /i = describes the Ogievetsky-Sokatchev 
model for the massless gravitino multiplet [201 ■ We are going to analyze whether this 
action with /i 7^ can be used to consistently describe the massive gravitino multiplet 
dynamics. The equation of motion for is 

- D^Da^"" + ^'^a - hDa{D ^ + D^) + 2/i ^« = . (A.2) 

It implies 

- + = , (A.3) 

and therefore 

= -\D''D^D^{D m + D^) + D'^D^m^ (A.4) 
= -\D°'D^ D^{D^ + D^) + ^D^ {D^ + ^^) + Ai^id^'D^^ ^ . 

Since the first term on the right is real and linear, we further obtain 

= /i^D^D^^" , (A.5) 
D^D^{D ^ + D"^) + Aifi d^D'^Do^m^ = . (A.6) 

Since the operator D annihilates chiral superfields, applying it to ()A.2|) and mak- 
ing use of ()A.6|) . we then obtain 

d'^{D^ + = D^{D^ + D^) = . (A.7) 
11 



Next, contracting D° on ()A.2|) and making use of ()A.7|) gives 

id^De^^a + Da^a.) + fX D ^ = . (A.8) 

We also note that, due to ()A.7|) . the equation ()A.5|) is now equivalent to d-{fi Da'^a — 
^* Da^a) = 0. Therefore, with the choice ^ = im, where m is real, we end up with 

D* = D^ = 0. (A.9) 

Then, eq. ()A.3j) becomes 

= . (A.IO) 
Finally, the equation of motion ()A.2|) reduces to 

(9a^" + m^„ = 0. (A. 11) 

Eqs. ()A.9j) - (jA.llj) define an irreducible Y = 1 massive representation. They are 
equivalent to the equations of motion in the Ogievetsky-Sokatchev model ()2.19|) . 



B Derivation of (BUSl) 



Let us consider an action S = S^^^'^[H,V(] + Sm[H, x], where S^^^''[H,U] is the type 
II supergravity action, eq. ()3.14|1 . and Sm[H,x] stands for the mass term 



^'-ZXat , (B.l) 



with 7 a complex parameter. The latter should be determined from the requirement 
that the equations of motion 



□ 



2nf/2 Ha - m'Ha + \[D^, D4A = 



(B.2) 
(B.3) 



\D D^Dp, D0]H'- + iD DJA + m'^Xa = , 

be equivalent to (j3.1|) . Since lA is linear, ()B.2|) implies that Ha is linear, D^Ha = 0. 
It is then possible to show that D^Ha oc Xa on-shell. To prove this proportionality, 
first contract D on ()B.2|) and use the following identities: 



d''D(,[D^,D^]H^ = 2iD^D''d(^^''Hpy 



DD ify^Ha 



1-7^2 



+ lD^Dp[D^, D^]H^ + ^D^DM - m^O'^Ha = 



-^D^Dp[D^,D^]H^ 



to arrive at: 



Substituting the first two terms with ()B.3|) leads to: 

7Xa + D'^Ha = , 
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(B.4) 
(B.5) 

(B.6) 

(B.7) 



an upon substituting for U in ()B.3|) by substituting ()B.7|) back in yields: 

+ \D'D^[Dp,D-\H'^-l}p^D^[D^D^ - J^D^ D^]H, + m'^^Xa = • (B.8) 

This means that Xa will vanish if 7 is real and 7 = 6. Equation ()B.7|) implies that Ha 
is irreducible when Xa vanishes. This means that U^^^Ha = Ha and the Klein-Gordon 
equation is obtained from ()B.2|) . We therefore obtain (j3.15p . 
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